This inventory of the Black Hills National Forest (BHNF) covers the years 2007-2011 on the South Dakota portion of the forest and 2005 on the Wyoming portion. It reports more than 1.16 million acres of forest land dominated by ponderosa pine. Forest features reported on include volume, biomass, growth, removals, mortality, carbon, snags, and down woody material, along with information on forest economics. This report provides the public with a set of forest statistics that may be used in the Black Hills' land management decisionmaking.
INTRODUCTION
Aerial survey of the beetle kill in the Deefield Lake area, Mystic Ranger District of the Black Hills National Forest. Photo by Gary Chancey, U.S. Forest Service, Black Hills National Forest.
• The amount of forest land in the Black Hills National Forest (BHNF) is estimated at 1.16 million acres.
• Ponderosa pine is the dominant forest type.
• Live aboveground tree biomass is estimated to be 30.2 million oven-dry short tons.
• Eleven tree species were documented in the BHNF.
The five most common in terms of number of trees were ponderosa pine (Pinus ponderosa), quaking aspen (Populus tremuloides), bur oak (Quercus macrocarpa), white spruce (Picea glauca), and paper birch (Betula papyifera).
• Average annual net growth of ponderosa pine growing stock on timberland is estimated to exceed 21 million cubic feet/year.
• The BHNF holds more than 55 million tons of carbon. The largest carbon stocks are in the soil organic matter pool.
• Compared to ponderosa pine forests in neighboring Montana, the BHNF's ponderosa pine forests have larger coarse woody debris and litter fuel loadings in tons per acre.
• Net sawtimber volume on the BHNF is estimated at more than 4.98 billion board feet (Scribner rule).
• In 2009, 29.3 million cubic feet of industrial roundwood was harvested from the BHNF and processed at nearby mills.
Forest Land Area

Background
Area estimates are the most basic and frequently cited of all forest inventory estimates. They are essential in assessing the status of a region's forest ecosystems. Fluctuations in forest land area estimates may indicate changing land use or forest health conditions, or in the case of a national forest, they may be the result of a land acquisition, sale, or swap.
What we found
The forest land area of the BHNF was estimated to be more than 1.16 million acres, roughly 1 percent of which is reserved as part of the Black Elk Wilderness Area (Fig. 1 ). The ponderosa pine forest-type group makes up much (~ 76 percent) of the total forest land (Fig. 2) . The aspen/birch and spruce/fir forest-type groups, at an estimated 93,400 acres and 51,600 acres, respectively, are the only other groups on the BHNF that cover at least 50,000 acres. The area of timberland was estimated at 1.14 million acres. Timberland, a subset of forest land, is defined as forested area capable of growing a minimum of 20 cubic feet/acre per year (at culmination of mean annual increment) and is not reserved from harvest by law or statute, such as a wilderness area. Sawtimbersize stands dominate timberland area, covering about 752,400 acres (Fig. 3) . Although the ponderosa pine forest-type group makes up the overwhelming majority of the sawtimber-and poletimber-size stands, it is only 50 percent of the sapling-seedling-size stands.
What this means
The 1.14 million acres of timberland represent 98 percent of the total forest land in the BHNF. With most of that area covered by stands in the large-diameter class, it has good prospects for potential timber production. Although the BHNF is known for its vast forests of ponderosa pine, its areas of aspen/birch, spruce/fir, and other forest-type groups should not be overlooked for their contributions to timber, wildlife habitat, and other benefits. The high proportion of area in the large-diameter stand class means the forest is mature, but the plentiful area in the medium and small classes signifies adequate reproduction. However, the high proportion of small-diameter stands that are in forest-type groups other than ponderosa pine may be of concern. Large numbers of ponderosa pines killed by the mountain pine beetle (MPB; Dendroctonus ponderosae) may be replaced by other species. 
Biomass and Volume
Background
As with measures of the BHNF acreage, measuring total tree biomass and all tree volume helps us understand the components of a forest stand and the resources available for different uses (e.g., wildlife habitat, carbon sequestration, biofuels). Historically, volume has been reported as either growing stock or sawtimber, ignoring volume found in noncommercial, rotten, rough, or salvable dead trees that have potential value as wood fiber or fuelwood. With interest increasing in FIA data from an ecological perspective, a greater focus has been placed on all tree volume in addition to biomass.
What we found
Live aboveground tree (at least 1 inch d.b.h./d.r.c.) biomass on forest land was estimated at more than 30.2 million oven-dry short tons. Softwoods made up a large majority of the total, 28.9 million dry short tons, 95 percent of which is ponderosa pine (Fig. 4) . Most of the biomass is in the boles of growing-stock trees, followed by growing-stock tree stumps, tops, and limbs and trees less than 5 inches d.b.h./d.r.c. (Fig. 5 ). All tree volume (at least 5 inches d.b.h./d.r.c.) was estimated at 1.6 billion cubic feet, an average of 1,378 cubic feet of volume per acre of forest land. Ponderosa pine accounted for 94 percent of the total (Fig. 6 ). Volume from nongrowing-stock trees amounted to 127 million cubic feet, just under 8 percent of all tree volume (Fig. 7) . 
What this means
The total live-tree biomass on the BHNF is a tremendous resource both in terms of economic and environmental importance. The potential for expanding woody biomass for energy production makes knowledge of the resource amount vital to additional demands on forest planning and management. Likewise for all volume, while growing-stock volume is important, knowing how much non-growing-stock volume is in the BHNF potentially opens that resource to be managed for timber, pulp, or non-timber products.
Tree Species Composition
Background
The species composition of a forest drives the dynamics of its growth, development, and ecosystem function. Some forests are composed of a diverse set of tree species while others are composed of very few different species or dominated by a single species. Both types of forests provide a variety of ecological niches that various plant and animal communities require. Although diverse forests are not completely free of forest health problems, they are less likely to be devastated by insect or disease attacks than a forest composed of a single species or narrow group of species. The Shannon Diversity Index is a good measure of species diversity because it combines measures of the number of species present and the relative distribution of those species (Magurran 1988) . Knowledge of current species compositions and diversity allows us to quantify the character of current and potential future forest ecosystems.
What we found
The BHNF contains more than 405 million trees (at least 1 inch d.b.h./d.r.c.) representing 11 different tree species that were documented during this inventory. Ponderosa pine was by far the most common species; with more than 285 million trees, it made up 70 percent of the total number of trees (Fig. 8 ). Quaking aspen was the next most abundant species on the forest with 40 million trees, or about 10 percent of all trees. The Shannon Diversity Index value for the BHNF as a whole was 1.13, where a value of 0 would be no diversity (i.e., a single species covering the entire forest) and the value increases with more species present and distributed evenly. For reference, the Shannon Index for the Monongahela National Forest, containing a diverse mix of central Appalachian hardwoods, is 2.91. As elevation changes, so does the diversity of the forest land. Elevation is associated with variations in local climate, having considerable impact on the ability of a tree species to compete with other species. The most diverse range in elevation occurred at 4,000 to 4,999 feet. The Shannon value was 1.17, and there were seven species present (Fig. 9) . Ponderosa pine was the most abundant species at all elevation ranges; above 7,000 feet, it was the only species present. Below 5,000 feet, bur oak was the second most abundant species present; above 5,000 feet, quaking aspen was the second most abundant species.
Density of Ponderosa Pine Forests
Background
The relative density of a forest indicates the current phase of stand development and has implications for diameter growth, tree mortality, and yield. Relative density, a measure of a forest's current stocking of trees per unit area relative to a maximum, represents the degree of tree occupancy required to fully utilize the growth potential of the land. A relative density between 0.30 and 0.60 can suggest full site occupancy, while relative density exceeding 0.60 often indicates imminent mortality. Relative density was calculated using Stand Density Index (Long 1985) . Because the ponderosa pine forest type dominates much of the BHNF's landscape, assessing its current level of stocking relative to its maximum can indicate future trajectories of stand development.
What we found
Most of the ponderosa pine forests of the BHNF are at full site occupancy (Fig. 10 ). Only the youngest stands (< 25 years in age), with relative density approximately 0.15, are substantially below full site occupancy. There is no evidence of stand stocking increasing with stand age once stand age exceeds 25 years. In contrast to stand age, as ponderosa pine stands develop and more fully occupy BHNF sites, their gross live-tree volume nearly quadruples from nearly 500 cubic feet/acre in stands with relative density below 0.10 to nearly 4,000 cubic feet/acre in stands with relative density between 0.70 and 0.80 (Fig. 11 ). It should be noted that the mean live-tree gross volume drops to nearly 3,500 cubic feet/acre at the highest levels of relative density. 6,000 -6,999
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What this means
Because ponderosa pine is the major tree species on the BHNF, much of the forest ecology is based around it. A big disadvantage to having a forest with so many trees from one species is susceptibility to attack by forest pests. That scenario has played out many times on the BHNF through its history with MPB outbreaks, including another major epidemic cycle that significantly increased in intensity during the mid-to late-1990s. 
The dynamics between the relative density (i.e., live-tree stocking), stand age, and total live-tree volumes per acre presents evidence of a maturing forest resource across the BHNF. Unless disturbances (i.e., tree mortality/removal) occur, either human-induced or natural, it should be expected that this trend will continue until ponderosa pine stands reach a state of senescence (i.e., overstocking with substantial self-thinning). (2002-2006 and 2007-2011) . 
What we found
Ponderosa pine dominates the average annual net growth of growing stock across the BHNF, exceeding 21 million cubic feet/year on timberland (Fig. 12) . At a distant second place is white spruce at about 1 million cubic feet/year. Given the fairly limited tree species diversity in the BHNF, no other tree species demonstrated appreciable growth (e.g., bur oak and green ash (Fraxinus pennsylvanica)). It should be noted that given the relatively high mortality rates of quaking aspen, this species had negative net average annual growth. Quaking aspen had average annual mortality exceeding that of white spruce, 970,000 versus 826,000 cubic feet/year, respectively (Fig. 13) . Ponderosa pine had average annual mortality at approximately 14 million cubic feet/year, less than half of the gross growth within the BHNF. Removals (i.e., harvests or land use change) are dominated by white spruce and ponderosa pine on timberland in the BHNF at about 1 and 24 million cubic feet/year, respectively (Fig. 14) . The net growth to removals ratio of ponderosa pine of growingstock volume on timberland in the BHNF is 0.88. When growth/removals/mortality are viewed on a relative basis compared to total growing-stock volume, ponderosa pine trends are sustainable given the species' tremendous total volume (Fig. 15) . In contrast, species such as quaking aspen and paper birch have high mortality rates compared to their total volumes. Green ash and white spruce have the highest relative rates of growth and removals, respectively. 
What this means
Ponderosa pine fully dominates trends in growth, mortality, and removals in the BHNF. Given concerns about the stocking of ponderosa pine forests in light of wildfire and insect risks, active management in portions of the BHNF (e.g., salvage logging and density reduction harvests) has reduced stocking levels, resulting in a growth to removal ratio below 1, which may be reflected in the relatively low levels of ponderosa pine mortality compared to other species such as quaking aspen. The average annual mortality rate of ponderosa pine is less than that of growth and removals individually. Given the rates of mortality in species such as quaking aspen and paper birch, we would expect reductions in their contribution to overall tree species diversity into the future. In contrast, hardwood species such as bur oak and green ash have relatively high levels of growth in the context of their being a small component of overall BHNF volume, and could constitute larger portions of growing-stock volume in the distant future.
Carbon
Background
Collectively, forest ecosystems represent the largest terrestrial carbon sink on Earth. The accumulation of carbon in forests through sequestration helps to mitigate emissions of carbon dioxide to the atmosphere from sources such as forest fires and burning of fossil fuels. The FIA program does not directly measure forest carbon stocks in the BHNF. Instead, a combination of empirically derived carbon estimates (e.g., standing live trees) and models (e.g., carbon in soil organic matter based on stand age and forest type) are used to estimate the BHNF's forest carbon. Estimation procedures are detailed by Smith et al. (2006) and Woodall et al. (2011) .
What we found
The BHNF currently contains more than 55 million tons of carbon. Soil organic matter (SOM) represents the largest forest ecosystem carbon stock in the BHNF at more than 24 million tons, followed by live trees, woodland species, and saplings at more than 18 million tons (Fig. 16 ). Within the live-tree, woodland species, and sapling pool, merchantable boles contain the bulk of the carbon (~ 11.7 million tons) followed by roots (~ 3.4 million tons) and stumps, tops, and limbs (~ 2.7 million tons). The majority of the BHNF's forest carbon stocks are found in moderately aged stands, 61 to 100+ years old (Fig. 17) . Early in stand development, most of the forest ecosystem carbon is in the SOM and belowground tree components. As forest stands mature, the ratio of aboveground to belowground carbon shifts, and by the 81 to 100 age class the aboveground components represent the majority of ecosystem carbon. This trend continues well into stand development as carbon accumulates in live and dead aboveground components. A look at carbon by forest-type group on a per unit area basis found that six of the seven types have between 40 and 60 tons of carbon per acre (Fig. 18 ). Despite the similarity in per acre estimates, the distribution of forest carbon stocks by forest type is quite variable. In the ponderosa pine group, for example, 39 percent 
What this means
Carbon stocks in the forested components of the BHNF have increased substantially over the last several decades. The majority of forest carbon in the BHNF is found in moderately aged stands dominated by a relatively long-lived conifer species. This finding suggests that the BHNF forest carbon is generally expected to continue to increase as stands mature and accumulate carbon in aboveground and belowground components. Given the age class structure and species composition of forests in the BHNF, there may be opportunities to increase forest carbon stocks.
Standing Dead Trees (Snags)
Background
Standing dead trees (snags), from the time they die until they are fully decomposed, contribute to the structure and function of forest ecosystems. Snags are created naturally by extreme weather events, fire, insects, and pathogens, and these same biotic and abiotic agents contribute to the decomposition of standing dead wood. Until recently, the FIA program did not directly measure standing dead trees in the BHNF. Instead, estimates of standing dead tree biomass were modeled using geographic area, forest type, and growing-stock volume (Woudenberg et al. 2010) . Standing dead trees are now measured directly and estimates of aboveground biomass are adjusted to account for density reductions and structural loss by decay class ).
What we found
The nearly 20 million standing dead trees (at least 5 inches d.b.h./d.r.c.) in the BHNF contain more than 2.4 million tons of aboveground biomass. The majority of snag biomass (1.7 million oven-dry short tons) is found in the early stages of decomposition (see Domke et al. 2011 for a description of decay classes) in decay classes 1 to 3 (Fig. 19 ). Not surprisingly, the ponderosa pine forest-type group represents the largest proportion (62 to 88 percent) of biomass in each decay class. The majority (61 percent) of standing dead trees are found in the smallest diameter classes (5.0 to 9.0 inches d.b.h.); however, the bulk of the aboveground biomass is found in slightly larger diameter classes (7.0 to 15.0 inches d.b.h.) (Fig. 20) . Ponderosa pine is the dominant forest type across diameter classes, and the proportion of the ponderosa pine type generally increases with increasing diameter. A look at the number of standing dead trees per unit area across the elevation gradient in the BHNF suggests, in general, that the number of standing dead trees per acre increases with increasing elevation (Fig.  21) . Furthermore, the ratio of live to standing dead aboveground biomass decreases with increasing elevation, suggesting that standing dead trees, while present at all elevations, make up a much larger proportion of high elevation forests in the BHNF.
What this means
The MPB, once called the Black Hills beetle, has led to documented large-scale tree mortality pre-dating the establishment of the BHNF. Given the large proportion of ponderosa pine in the BHNF and the cyclical nature of MPB outbreaks as well as other mortality agents such as fires that have resulted in about 25 percent of the BHNF burned at some level since 2000, it is not surprising that there is a substantial amount of standing dead tree biomass across all stages of decay. The majority of standing dead trees in the BHNF are small and in the early stages of decay, suggesting relatively recent mortality. Early thinning treatments aimed at capturing mortality, decreasing fuel loads, and reducing stem density, particularly at high elevations, in stands that have historically been deemed sub-merchantable may now be an option given renewed interest in biomass utilization for energy. The MPB and fire, among other biotic and abiotic agents, are important to the structure and function of forest ecosystems in the BHNF. In the face of global change, maintaining a balance between standing dead tree structural attributes and fire danger will continue to require specific planning considerations and creative silviculture. 
Down Woody Materials
Background Down woody materials, in the various forms of fallen trees and litter fall, provide numerous ecological niches in the BHNF (e.g., wildlife habitat and stand structural diversity) while contributing toward forest fire hazards via surface woody fuels.
What we found
The down woody materials in the BHNF are dominated by litter and coarse woody debris (down dead wood with a minimum diameter of 3 inches and minimum length of 3 feet) (Fig. 22) . The percentages of the total down woody materials represented by fine woody debris, coarse woody debris, duff, and litter were 10, 26, 13, and 51 percent, respectively. The fuel loadings of down woody materials (time-lag fuel classes) in ponderosa pine forests of the BHNF were compared to the same forest type in the neighboring state of Montana (for fuel definitions see Woodall and Monleon 2008) (Fig. 23) . Given the large sampling errors associated with the estimates, we cannot make definitive conclusions, but we can say that loadings of coarse woody debris and litter in the ponderosa pine forests of the BHNF were nearly four times larger than Montana's.
What this means
The BHNF's fuel loadings may be viewed as moderate within the larger context of national forests of the U.S., despite having down dead wood fuel loadings potentially larger for some fuel categories (e.g., litter) than ponderosa pine forests in Montana, a neighboring western state. Fuel loads typically increase in response to disturbances such as wind or mortality events; however, despite the many years of mortality from MPB the BHNF fuel load does not appear to be excessive when compared to other disturbance events. A blowdown disturbance in the Superior National Forest of Minnesota produced fuel loads five times greater than seen in the BHNF (Woodall and Nagel 2007) . However, the combination of continuing tree mortality, coupled with the potential for drought in the BHNF, suggests the need for continued monitoring and potential mitigation of fire hazards (i.e., down woody material fuels) in varying areas of the BHNF landscape. 
Growing-Stock and Sawtimber Volume
Background Growing-stock volume is the amount of merchantable wood in live commercial tree species that are sound, reasonably straight, and 5 inches d.b.h. or greater. This measure has traditionally been used to estimate the volume of wood material available for the manufacture of timber products. Sawtimber trees are live trees of commercial species that contain either one 12-foot or two noncontiguous 8-foot logs that are free of defect. Hardwoods must be at least 11 inches d.b.h. and softwoods must be 9 inches d.b.h. to qualify as sawtimber. Sawtimber volume is defined as the net volume of the saw log portion of a tree, measured in board feet, from a 1-foot stump to the merchantable top (9 inches for hardwoods and 7 inches for softwoods). Estimates of sawtimber volume are used to determine the monetary value of wood volume and to identify the quantity of merchantable wood. Knowing both measures of volume is important for economic planning and development, and are essential when evaluating sustainable forest management.
A system of standards, called tree grades, are used to rate the quality of a tree for producing forest products. The meanings differ by species group, but grade one is the highest quality. The quality decreases as the grade number increases up to grade five. Many factors affect the grading including defects, curvature, and length of usable sections in the saw log portion. See U.S. Forest Service (2010), Appendix E, for the grading specifications.
What we found
The net volume of growing stock on timberland in the BHNF was estimated at 1.51 billion cubic feet, or 1,325 cubic feet of growing stock per acre of timberland. The spruce/fir forest-type group had the highest volume of growing stock per acre of timberland, despite being a distant second place behind the ponderosa pine group in terms of net growing-stock volume (Fig. 24) . Not surprisingly, ponderosa pine trees accounted for more than 1.43 billion cubic feet (94 percent) of the total growing-stock volume. All hardwood species combined for 22.6 million cubic feet. Quaking aspen made up 63 percent of the total hardwood growing-stock volume. 
Forest-Type Group
The net sawtimber volume on BHNF timberland was estimated at more than 4.98 billion board feet (Scribner rule), which includes volume that may be located on inaccessible sites (e.g., steep slopes or access restrictions due to private land). More than one-third of the total sawtimber volume was in the 13.0-to 14.9-inch and 15.0-to 16.9-inch diameter classes (Fig. 25) . In terms of sawtimber quality, 72 percent of sawtimber volume came from grade three trees while only slightly more than 1 percent of the volume was graded less than grade three (Fig. 26) . For white spruce, 83 percent of total sawtimber volume came from grade one trees. 
What this means
Although the BHNF is currently experiencing a MPB epidemic that is increasing tree mortality, abundant live growing-stock and sawtimber volume is still available. While a majority of sawtimber is not in the top quality grade, it is still an important asset to the timber products industry of the surrounding Black Hills region.
Timber Products Output
Background
The harvesting and processing of timber products produces a stream of income shared by timber owners, managers, marketers, loggers, truckers, and processors. 
What we found
In 2009, there were 14 active primary wood-using mills that processed 29.3 million cubic feet of industrial roundwood from the BHNF into lumber, particleboard, posts, and other wood products. Eighty-two percent of the total was harvested in the South Dakota portion of the forest, and the remainder was processed in Wyoming. The BHNF is so important to South Dakota's forest products industry that more than 80 percent of the industrial roundwood processed in the State came from the BHNF. Saw logs accounted for 97 percent of the industrial roundwood harvested from the BHNF (Fig.  27 ). Other products harvested were posts, pulpwood, and cabin logs. Ponderosa pine accounted for 99 percent of the industrial roundwood. A small amount of white spruce was also harvested. 
What this means
Harvesting of industrial roundwood on the BHNF provides not only forest products, but also an economic means to thin dense stands that are susceptible to MPB and forest fires. Some forest stands are being thinned without markets for the wood in an attempt to reduce the potential for MPB to access certain areas across the landscape during the current epidemic that has been affecting the BHNF for a decade or more, while also reducing forest fire hazards. This requires that the wood be stacked and burned to potentially reduce the severity of and aid in suppressing potential future wildfires. An improvement in the economy may lead to an increase in the markets for this unused wood material. This material could also be a supply source for a small, local biomassbased facility (e.g., wood pellets). 
Data Sources and Techniques
A Comparison of Volume Models for Ponderosa Pine
The volume of a tree can be precisely determined by immersing it in a pool of water and measuring the amount of water displaced. Because such a process is destructive and cost prohibitive, models of tree volume based on tree metrics (e.g., tree diameter) must be used to estimate volume. Often, there are a variety of tree volume models for common tree species. For ponderosa pine in the BHNF, FIA-NRS uses tree volume equations based on Myers (1964).
Other NRS-FIA estimated that the net volume of live ponderosa pine trees 5 inches in diameter or greater on forest land in the BHNF was 1.5 billion cubic feet using the Myers tree volume equations (Fig. 28) . The NVEL Excel Volume Functions produced an estimate of 1.6 billion cubic feet using the Czaplewski profile model (a difference of 6 percent) and 1.4 billion cubic feet using the Flewelling profile model (a difference of -9 percent). When looking at the estimated tree volumes among a variety of models, it is important to assess differences across a range of diameters. For ponderosa pine in South Dakota, the Czaplewski profile model appears to provide larger estimates of small-diameter tree volume and smaller estimates of large-diameter tree volume compared to the Myers volume equation. On the other hand, the Flewelling profile model had smaller estimates of small-diameter tree volume when compared with the Myers volume equation; however, as the tree diameter became larger, the difference between the two was reduced. The difference between the total net volume of ponderosa pine trees 21 inches or greater using Myers volume equations and the Flewelling profile model was less than 0.5 percent.
Glossary
All live tree: All living trees. All size classes, all tree classes, and both saw log and non-saw log species are included.
Average annual mortality:
The average annual change in mortality of trees between inventories. This estimate can be provided in cubic feet for all trees and growingstock trees that died, or in board feet for sawtimber trees that died.
Average annual net growth:
The average annual change in the volume of trees between inventories. Components include the change in volume of trees that have met the minimum size requirements over the inventory period, plus the volume of trees reaching the minimum size during the period (ingrowth), minus the volume of trees that died during the period, minus the volume of cull during the period. Mortality removals (trees killed in the harvesting process and left on site) and diversion removals (trees removed from the forest land base due to a change from forest to nonforest land) are not included. This estimate can be provided in cubic feet for live and growing-stock trees or in board feet for sawtimber trees.
Average annual removals:
The average annual change in removals of trees between inventories. The estimate includes harvest removals, mortality removals (trees killed in the harvesting process and left on site), and diversion removals (trees removed from the forest land base due to a change from forest to nonforest land). This estimate can be provided in cubic feet for live and growing-stock trees or in board feet for sawtimber trees.
Biomass:
The aboveground weight of live trees (including bark but excluding foliage) reported in dry tons (dry weight). Biomass has four components:
Bole: Biomass of a tree from 1 foot above the ground to a 4-inch top outside bark or to a point where the central stem breaks into limbs.
Tops and limbs:
Total biomass of a tree from a 1-foot stump minus the bole. Board foot: A unit of lumber measuring 1 foot long, 1 foot wide, and 1 inch thick, or its equivalent. The International ¼-inch rule is used as the U.S. Forest Service standard log rule in the eastern United States; however, the Scribner rule is mainly used in the Black Hills area.
1-to 5-inch trees:
Coarse woody debris (CWD):
Dead branches, twigs, and wood splinters 3.0 inches in diameter and larger measured at the smallest end.
Commercial species: Tree species suitable for industrial wood products. 
Down woody material (DWM):
Woody pieces of trees and shrubs that have been uprooted (no longer supporting growth) or severed from their root system, not self-supporting, and lying on the ground.
Dry weight:
The weight of wood and bark as it would be if it had been oven dried; usually expressed in pounds or short tons.
Duff: A soil layer dominated by organic material derived from the decomposition of plant and animal litter and deposited on either an organic or a mineral surface. This layer is distinguished from the litter layer in that the original organic material has undergone sufficient decomposition that the source of this material (e.g., individual plant parts) no longer can be identified.
Epidemic: (1) Entomology: pertaining to populations of plants, animals, and viruses that build up, often rapidly, to unusually and generally injuriously high levels. Synonym: outbreak. Many insect and other animal populations cycle periodically or irregularly between endemic and epidemic levels. (2) Pathology: a disease sporadically infecting a large number of hosts in an area and causing considerable loss (Helms 1998).
Fiber products: Products derived from wood and bark residues, such as pulp, composition board products, and wood chips.
Fine woody debris (FWD):
Dead branches, twigs, and wood splinters 0.1 to 2.9 inches in diameter.
Forest land: Land at least 10 percent stocked by trees of any size, including land that formerly had such tree cover and that will be naturally or artificially regenerated. Forest land includes transition zones, such as areas between heavily forested and nonforested lands that are at least 10 percent stocked with trees and forest areas adjacent to urban and builtup lands. Also included are pinyon-juniper and chaparral areas and afforested areas. The minimum area for classification of forest land is 1 acre and 120 feet wide measured stem-to-stem from the outermost edge. Unimproved roads and trails, streams, and clearings in forest areas are classified as forest if less than 120 feet wide.
Forest type: A classification of forest land based on the species presently forming a plurality of the livetree stocking. If softwoods predominate (50 percent or more), then the forest type will be one of the softwood types and vice versa for hardwoods.
Forest-type group:
Combinations of forest types that share closely associated species or site requirements and are generally combined for brevity of reporting.
Fuel class: Categories of forest fire fuels defined by the approximate amount of time it takes for moisture conditions to fluctuate. Large coarse woody debris pieces take longer to dry out than smaller fine woody pieces.
1,000-hour fuels:
Coarse woody debris with a transect diameter ≥ 3.0 inches and ≥ 3.0 feet long.
100-hour fuels:
Fine woody debris with a transect diameter between 1.0 and 2.9 inches.
10-hour fuels:
Fine woody debris with a transect diameter between 0.25 and 0.9 inches.
1-hour fuels:
Fine woody debris with a transect diameter < 0.24 inches.
Growing stock: A classification of timber inventory that includes live trees of commercial species meeting specified standards of quality or vigor. Rough and rotten cull trees are excluded. When associated with volume, this includes only trees 5.0 inches d.b.h. and larger.
Hardwood: A dicotyledonous tree, usually broad-leaved and deciduous.
Soft hardwoods:
A category of hardwood species with wood generally of low specific gravity (less than 0.5). Notable examples include red maple, paper birch, quaking aspen, and American elm.
Hard hardwoods: A category of hardwood species with wood generally of high specific gravity (greater than 0.5). Notable examples include sugar maple, yellow birch, black walnut, and oaks.
Industrial wood: All commercial roundwood products except fuelwood.
Litter: Undecomposed or only partially decomposed organic material that can be readily identified (e.g., plant leaves, twigs).
Live cull: A classification that includes live, cull trees. When associated with volume, it is the net volume in live, cull trees that are 5.0 inches d.b.h. and larger.
Mean annual increment (MAI) at culmination:
A measure of the productivity of forest land expressed as the average increase in cubic feet of wood volume per acre per year. For a given species and site index, the mean is based on the age at which the MAI culminates for fully stocked natural stands. The MAI is based on the site index of the plot (Azuma et al. 2004) .
Merchantable: Refers to a pulpwood or saw log section that meets pulpwood or saw log specifications, respectively. National Forest: An ownership class of Federal lands, designated by Executive order or statute as National Forests or purchase units, and other lands under the administration of the Forest Service, including experimental areas.
Net volume in cubic feet:
The gross volume in cubic feet less deductions for rot, roughness, and poor form. Volume is computed for the central stem from a 1-foot stump to a minimum 4.0-inch top diameter outside bark, or to the point where the central stem breaks into limbs.
Noncommercial species: Tree species of typically small size, poor form, or inferior quality, which normally do not develop into trees suitable for industrial roundwood products.
Nonforest land:
Land that has never supported forests and lands formerly forested where use of timber management is precluded by development for other uses. (Note: Includes area used for crops, improved pasture, residential areas, city parks, improved roads of any width and adjoining clearings, powerline clearings of any width, and 1-to 4.5-acre areas of water classified by the Bureau of the Census as land. If intermingled in forest areas, unimproved roads and nonforest strips must be more than 120 feet wide, and clearings, etc., must be more than 1 acre in area to qualify as nonforest land.)
Nonstocked areas: Timberland less than 10 percent stocked with live trees.
Poletimber trees: Live trees at least 5.0 inches in d.b.h. but smaller than sawtimber trees.
Primary wood-using mill: A mill that converts roundwood products into other wood products. Common examples are sawmills that convert saw logs into lumber and pulpmills that convert pulpwood into wood pulp.
Pulpwood: Roundwood, whole-tree chips, or wood residues used for the production of wood pulp.
Reserved forest land: Forest land withdrawn from timber utilization through statute, administrative regulation, or designation without regard to productive status.
Residues: Bark and woody materials that are generated in primary wood-using mills when roundwood products are converted to other products. Examples include slabs, edgings, trimmings, miscuts, sawdust, shavings, veneer cores and clippings, and pulp screenings. Includes bark residues and wood residues (both coarse and fine materials) but excludes logging residues.
Rotten tree: A live tree of commercial species that does not contain a saw log now or prospectively primarily because of rot (that is, when rot accounts for more than 50 percent of the total cull volume).
Rough tree: (a) A live tree of commercial species that does not contain a saw log now or prospectively primarily because of roughness (that is, when sound cull due to such factors as poor form, splits, or cracks accounts for more than 50 percent of the total cull volume); or (b) a live tree of noncommercial species.
Roundwood products: Logs, bolts, and other round timber generated from harvesting trees for industrial or consumer use.
Salvable dead tree:
A downed or standing dead tree considered currently or potentially merchantable by regional standards.
Sampling error:
Difference between a population value and a sample estimate that is attributable to the sample, as distinct from errors due to bias in estimation, errors in observation, etc. Sampling error is measured as the standard error of the sample estimate (Helms 1998).
Saplings:
Live trees 1.0 inch through 4.9 inches d.b.h.
Saw log:
A log meeting minimum standards of diameter, length, and defect, including logs at least 8 feet long, sound and straight, and with a minimum diameter inside bark of 6 inches for softwoods and 8 inches for hardwoods, or meeting other combinations of size and defect specified by regional standards.
Sawtimber tree: A live tree of commercial species containing at least a 12-foot saw log or two noncontiguous saw logs 8 feet or longer, and meeting regional specifications for freedom from defect. Softwoods must be at least 9.0 inches d.b.h. Hardwoods must be at least 11.0 inches d.b.h. Sawtimber: Forest land stocked with at least 10 percent of full stocking with live trees with half or more of such stocking in poletimber or sawtimber trees or both, and in which the stocking of sawtimber is at least equal to that of poletimber.
Poletimber: Forest land stocked with at least 10 percent of full stocking with live trees with half or more of such stocking in poletimber or sawtimber trees or both, and in which the stocking of poletimber exceeds that of sawtimber.
Seedling-sapling: Forest land stocked with at least 10 percent of full stocking with live trees with half or more of such stocking in seedlings or saplings or both.
Nonstocked: Forest land stocked with less than 10 percent of full stocking with live trees. Examples are recently cutover areas or recently reverted agricultural fields.
Stocking:
The degree of occupancy of land by trees, measured by basal area or number of trees by size and spacing, or both, compared to a stocking standard; that is, the basal area or number of trees, or both, required to fully utilize the growth potential of the land.
Timberland: Forest land that is producing or is capable of producing crops of industrial wood and not withdrawn from timber utilization by statute or administrative regulation. (Note: Areas qualifying as timberland are capable of producing in excess of 20 cubic feet per acre per year of industrial wood in natural stands. Currently inaccessible and inoperable areas are included.) Timber products output: All timber products cut from roundwood and byproducts of wood manufacturing plants. Roundwood products include logs, bolts, or other round sections cut from growing-stock trees, cull trees, salvable dead trees, trees on nonforest land, noncommercial species, sapling-size trees, and limbwood. Byproducts from primary manufacturing plants include slabs, edging, trimmings, miscuts, sawdust, shavings, veneer cores and clippings, and screenings of pulpmills that are used as pulpwood chips or other products.
Tree: A woody plant usually having one or more erect perennial stems, a stem diameter at breast height of at least 3.0 inches, a more or less definitely formed crown of foliage, and a height of at least 15 feet at maturity.
Tree grade: A classification of the sawlog portion of sawtimber trees based on (1) the grade of the butt log, or (2) the ability to produce at least one 12-foot or two 8-foot logs in the upper section of the sawlog portion. Tree grade is an indicator of quality; grade one is the best quality (see U.S. Forest Service 2010, Appendix E for grading specifications).
Tree-size class:
A classification of trees based on diameter at breast height, including sawtimber trees, poletimber trees, saplings, and seedlings. Tables   Table 1. -Area of forest land, in thousand acres, by forest-type group, forest type, and owner category, Black Hills National Forest, 2011 
